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Abstract:
The deer population surrounding the Arboretum has led to a vastly different landscape than what
would be found in forests. The forest floor is more likely composed of invasive plants or even a barren
landscape rather than native flora. To depict the impact deer populations have on our landscape,
specifically on native plants, a deer exclosure was installed below the Out on a Limb Canopy Walk. This
will allow for not only an up-close view of deer pressure but also a view from above. The exclosure, which
encompasses about a quarter of an acre, will be planted with a number of plants native to the Wissahickon.
Selected plants range from herbaceous perennials to shrubs and small trees that are both preferred and not
preferred by deer. Plant tolerance of deer is essential since plants typically not under browsing pressure
will be placed both within and outside of the exclosure to allow for a more accurate depiction of their
impact in the future. Prior to planting, invasive plants including Euonymus spp., Vinca minor and
Pachysandra terminalis will be removed. The installation of paths will allow for access to the current
pathways and for easier traveling through the exclosure itself. Arboretum guests will have the opportunity
to view the impact of deer and learn about native plants not found elsewhere in the Arboretum.
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INTRODUCTION
Deer populations have greatly reduced native plant populations in the Wissahickon and
surrounding areas (Bowman’s Hill Wildflower Preserve, 2009). A 1996 survey by the Natural Resource
Consultants revealed deer populations in the Wissahickon Valley section of Fairmount Park were ten times
the optimum density of 10 to 15 deer per square mile. Resulting deer culls carried out during the winters
of 2001 though 2006 produced record harvests, but populations are still on the rise (Rawinksi, 2009). In
2009, the deer population within the park had decreased to 17.7 deer per square mile. Continual
management activities aim to lower populations to ten deer per square mile (McCarthy, 2010).
Excess deer pressure has several negative effects on the forest environment. “Browse lines,” areas
with little leaf cover between the forest floor and approximately 4 feet above ground, are prevalent.
Browsing of tree seedlings and other small plants is preventing regeneration of the forest flora. Reduction
of native flora at both the Arboretum and surrounding forests has provided optimal growth conditions for
invasive plants. This is a direct result of deer preference for native plants rather than invasive species that
are no longer shaded out by other plants. Lastly, deer have eliminated the shrub layer, leaving ground
nesting birds and other animals without a desirable habitat (Bowman’s Hill Wildflower Preserve, 2009).
The Arboretum’s Botany Department began a five year vegetation monitoring program in 2002 to
assess the need for deer culls (Friends of the Wissahickon, 2006). The study revealed little native plant
regeneration through fall 2009 within small enclosures protected from the deer. Botanist, Dr. Tim Block,
attributed this result to the absence of a native plant seed source. This would also explain the presence of
invasive plants such as Euonymus spp. and Berberis spp. littering the forest floor since a seed source can
be found in many residential backyards (Block, 2009).
Individuals from Friends of the Wissahickon, however, have found that the reduction in the deer
population has led to some positive understory recovery. For example, native plants such as Podophyllum
peltatum and Arisaema spp. have once again been found within the Wissahickon section of Fairmount
Park in addition to the slow regeneration of mountain laurel stumps. As a result of these findings, the first
structured replanting within the park in 15 years was performed in 2008. In 2009, it was found that almost
90% of the woody plantings had survived (McCarthy, 2010). The regeneration of the forest flora has been
quite slow following the reduction of the deer population in these areas. However, the number of deer has
appeared to play a major role in the landscape and the reduction of their numbers seems to have benefited
the plants within these areas.
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PURPOSE
To provide the Arboretum with a planting area for native plants typically decimated by deer and
other animals, an eight foot tall deer fence was installed on a quarter of an acre in Penn’s Woods below
Out on a Limb. The exclosure also provides an opportunity for the area below Out on a Limb to be
replanted following construction. Following installation the area within the fence was planted with a
number of native plants that ranged from being deer “resistant” to plants that are highly preferred by the
deer. The impact of deer populations will not be clearly visible immediately. In time, comparisons between
the areas accessible to deer and the exclosure will show implications of high deer populations. The fence
is also intended to educate those who visit the Arboretum about native plants and make them aware of the
impact of deer.
SITE CONSIDERATIONS
Several issues were addressed in determining access to the exclosure. The Office of Risk
Management & Insurance at the University of Pennsylvania requested the enclosure of the Out on a Limb
structural pillars to prevent individuals from climbing them. The steep hillside is also a potential danger.
Several paths were planned to allow visitors to explore the area and retrieve items fallen from Out on a
Limb; however concerns arose regarding foot traffic through the planting beds. As a result of these
concerns, traffic through the exclosure is limited to Arboretum staff, tour groups and class participants.
Although access to the exclosure is limited, the site can be viewed from a number of areas: service and
public paths, the stumpery, and the greenhouse.
The placement of the fence was determined by considering the slope, placement of current plant
material and set stipulations. Prior to installation it was decided that the fence be 10-15 feet from the
service road and set back from the stumpery’s grassy slope. Some trees and shrubs that were not native
were removed from the fence’s intended path and the fence was placed along the flatter areas of the slope.
Initially the fence was intended to form a rectangle; however, due to the site, it was instead erected with
several sides to make it less obtrusive.
FENCE CONSIDERATIONS
Fence material, height and gate type were determined following consultation with vendors,
Arboretum staff and the Horticulture Committee. Material concerns included ability to withstand branch
damage, potential hazards for wildlife, prevention of deer access and the prevention of soil compaction.
Two companies, Ag Fence, LLC and Deer Fencers, Inc. provided cost estimates (Table 1).
Deer Fencers, Inc. offered a number of deer fencing options which included: Ultra-flex, Armorflex and Commercial-flex. Ultra-flex was selected after consulting the Horticulture Committee and based
on the company representative’s recommendation. Ultra flex, a combination fence, is composed of a
tougher material that prevents deer from crawling under it and a flexible material on the upper half so that
branches and small trees will not damage it. The fence material is resilient and during construction it does
not require the use of heavy equipment. Entrance under the fence by deer or other animals was resolved
by staking an extra foot of fence material at the base of the fence. Another option, Armor-flex, is a welded
wire material that is extremely strong. It is not very resilient and would easily be bent if something fell on
it. The last option offered by the company, Commercial-flex, is very strong but would require the use of
heavy equipment such as a skid-steer for installation.
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Quotes for these three fence materials in both eight feet and ten feet in addition to the use of either
wooden or metal posts were received (Table 1). The cost of a ten foot tall fence with either wooden or
metal posts was very high. Deer Fencers, Inc. suggested the use of an eight foot tall fence. According to
the company, the size of the area being enclosed, the slope, and the fact that there were a number of
unprotected plants surrounding the exclosure made it far less likely that deer would jump the fence.
Another difference in cost was found in the posts to be installed since metal posts were $750.00 cheaper
than wooden posts. Wooden posts were considered to be more natural and were chemically treated so that
they would last a number of years; however, metal posts were cheaper and are easier to switch out if they
were ever damaged. After consulting the Horticulture Committee, the installation of metal posts was
selected.
Another company, Ag Fence, LLC. was also contacted after being recommended by Meadowbrook
Farm who purchased a ten foot high agricultural fence with wooden posts. The company offered both a
ten foot and eight foot tall fence that was similar to Deer Fencers, Inc. Commercial-flex. Meadowbrook
Farm found that the fence was not a danger to deer. Furthermore, the fence was able to withstand tree
damage. Unlike the three to four-inch diameter wooden posts from Deer Fencers, Inc., the wooden posts
used by Ag Fence, LLC. were the diameter of telephone poles. However, the installation of the fence and
the wooden posts required the use of equipment that would lead to compaction of the site which was not
feasible. During the installation of the Out on a Limb Canopy Walk there was a strong emphasis on
avoiding compaction of the site since plantings were intended.
After speaking with bothcompanies, the Horticulture Committee, and Morris Arboretum staff, the
eight foot Ultra-flex fence with metal posts from Deer Fencers, Inc. was selected with access to the
exclosure by way of an upper and lower gate (Figure 1). The fence was considered to be resilient,
moderately priced and did not require the use of heavy equipment that would cause compaction.
Furthermore, it was decided that the company would also enclose the pillars with the Ultra-flex material
and metal posts to solve the risk management requirement concerning pillar access.
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PLANT CONSIDERATIONS
The site enclosed and immediately surrounding the deer exclosure is characterized by areas of
varying slope. A dry, well-drained soil with below optimum nutrient levels is present (Figure 2). Soil tests
reveal a pH of 4.8, making it a suitable area for acid loving plants such as native azaleas and
rhododendrons. The area is characterized by mostly shade due to the tree canopy; however, some areas
along the service road, stumpery slope, below Out on a Limb, and within the tree canopy allow for sun or
part sun. A slightly wetter environment exists at the lower end of the exclosure, due to the absence of
surface drainage.
Plants will also be chosen to establish an understory, mid-story, and upper-story. Establishing a
mid-story will provide a habitat for ground nesting birds and other forest inhabitants that have been
displaced by deer browsing. Selected plants will be native to the Wissahickon. Some plants, not found
within the arboretum due to deer pressure and lack of appropriate conditions, will also be planted even
though their native range falls outside the Wissahickon. Cultivars of native species will be selected if
necessary due to the specificity and difficulty in finding straight species. In the future, the impact of deer
will be apparent as native species will be planted both inside and outside the exclosure. Some trees, shrubs
and herbaceous plant material will be chosen for deer tolerance.
A few vines such as Aristolochia macrophylla (Dutchman’s Pipe) will be selected to climb up the
pillars holding the bird’s nest. It is hoped that the vines can provide some additional aesthetic appeal to
the pillars while providing another interest to those visiting the bird’s nest.
Several plants were chosen for their educational value. For example, Aristolochia macrophylla
not only produces an intriguing flower but it is the larval food of the pipevine swallowtail butterfly (Battus
philenor). The black-purple color and orange spots of this butterfly’s larvae are an adaptation to alert
predators of its toxicity. Lindera benzoin possesses not only a lovely yellow fall color and early season
nectar source for pollinators but is a larval host of the spicebush swallowtail butterfly (Papilio troilus).
The larvae are a mint green color with black and yellow lined eyes on the top of their heads that help them
scare off predators (Cullina, 2002). Cyripedium acaule, the pink lady slipper orchid, will be planted since
they are less common in their native habitat today. Also, the plant displays an interesting pollination
relationship with bees (Cullina, 2007).

6

DESIGN OF EXCLOSURE
The planting design of the exclosure takes into consideration site and plant requirements, location
of irrigation and service paths. Other considerations were the view from Out on a Limb, the service roads
and pathways. Plants highlighted for education, such as Cypripedium acaule, were placed along the
periphery of the fence to allow all visitors an opportunity to learn their interesting characteristics. Plants
were placed based on their varying heights to promote further exploration of the exclosure from the
outside. Additionally, more shrubs and trees were planted below the squirrel scramble and bird’s nest
where many of the previous plants had been removed during construction. Herbaceous plants were planted
in greater numbers underneath the tree canopy due to the dense population of Fagus grandifolia in that
area. Due to the $5,000 budget available for purchasing plant material during the 2009-2010 and 20102011 fiscal years, the design takes into consideration future plantings. A number of the trees, shrubs, and
plants within the greenhouse and difficult to find plants (ie: Cypripedium acaule), will be planted during
the current 2009-2010 fiscal year. Herbaceous plants such as the ferns will be planted during the fall and
spring of the next fiscal year. Furthermore, a number of plants such as Trillium spp. and Erythronium
americanum will also be planted during the next fiscal year, following the completion of the plantings,
since they will be scattered throughout the woodlands. The planting during the current fiscal year will
focus on the areas that contain very few plants in hopes that it will prevent future erosion problems and
return the aesthetics to the landscape in that area. The plants within the design can be found by using the
design numbers (Table 2).

SITE PREPARATION AND INSTALLATION
Invasive plants such as Euonymus spp., Vinca minor, Pachysandra terminalis and Lonicera spp.
were removed prior to fence installation; however, control of invasives will be ongoing. Additionally, a
few trees that had been impacted by the building of the Out on a Limb Canopy Walk structure and some
invasive trees such as Tetradium spp., Acer palmatum and Phellodendron amurense were removed. The
exclosure was placed so that it could avoid the removal of a number of desirable trees and also problematic
areas caused by the slopes. Following the removal of some of the invasive plants, the metal posts were
installed for the fence. The posts and fence were securely braced and additional fencing at the base of the
exclosure was held securely by screws.
Further site preparation required the installation of woodland pathways. An existing woodland
path leading to the grassy slope along the stumpery was redirected to a lower path ending at the
greenhouse. This path was also altered to provide safer access to the wetlands. A new path was built within
the exclosure connecting the lower and upper gates for both visitors and Arboretum employees working
within the area.
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CONCLUSION
The area below Out on a Limb is moving toward a community of native plants both within and
outside of an enclosed space. Not only does the Tree Adventure exhibit give visitors a bird’s-eye view of
the forest, it also provides a view of the forest floor with and without the presence of deer. The area, which
previously had very few plants due to the construction of the Out on a Limb Canopy Walk, is now
composed of a number of plants that would have been found there. Furthermore, the planting and fence
installation provides visitors with another educational reason to visit the Tree Adventure exhibit and
provides an additional aesthetic appeal to the forest floor.
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APPENDICES
Table 1: Estimated Costs for Fence Installation
Company
Fence Type
10’ +
wooden
posts
Benner’s
Gardens

10’ +
8’ + wooden 8’ +
metal posts posts
metal posts

Ultra-flex

$12,720.00 $11,970.00 $11,558.00

$10,808.00

Armor-flex

$13,799.00 $13,049.00 $12,357.00

$11,607.00

Commercial Flex

$14,595.00 $13,845.00 $13,519.00

$12,769.00

Ag Fence, LLC. High tensile woven wire $8,605.73

n/a

$6,996.79

n/a

Figure 1: Benner’s Garden Quote for Selected Fence
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Figure 2: Soil Test for Exclosure Site
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